Why must the chest physician become familiar with assessment of the respiratory muscles? Firstly, because dyspnoea in patients in whom no pulmonary cause can be detected may be due to respiratory muscle weakness.t2 Even moderately severe muscle weakness may be difficult to detect clinically3 and, indeed, it is possible to have total paralysis of the diaphragm without life threatening consequences. 4 Secondly, because patients with clearly documented generalised neuromuscular disease usually also have respiratory muscle weakness2 and, for selected cases, treatment in the form of non-invasive ventilation is indicated. 5 Finally, there has recently been increased awareness that respiratory muscle weakness can be a compounding factor in other disease processes such as malnutrition6 and steroid therapy.7 For all of these reasons it is important for respiratory physicians to initiate and to be able to interpret simple tests ofrespiratory muscle function. For most patients the suspicion of clinically important respiratory muscle weakness may be confirmed or excluded by simple tests that can be performed in the general hospital setting without the purchase of expensive equipment, but in some patients complex tests in a specialised laboratory are necessary (fig 1) . In On examination the characteristic finding of profound bilateral diaphragm weakness or paralysis is paradoxical inward inspiratory abdominal motion; this is more obvious with the patient supine.4 As a consequence of poor diaphragm contractility accessory muscle activity greatly increases when ventilation is increased and, when upright, the abdominal muscles may be visibly recruited during expiration, serving to elevate the diaphragm and allowing subsequent gravitationally assisted descent during inspiration.tt These clinical features are seldom present until diaphragm strength is reduced to about a quarter ofnormal; thus, substantial diaphragm weakness can be overlooked on clinical examination.2
IMAGING
In hemidiaphragm paralysis an elevated hemidiaphragm may be visible on chest radiography. With substantial bilateral diaphragm weakness the chest radiograph may show elevated hemidiaphragms, but can appear relatively normal. 4 Similarly, a cephalad movement of the diaphragm is commonly observed on fluoroscopy during inspiratory manoeuvres but this test has the twin disadvantages of both a significant false positive rate2 and that little information about the degree of diaphragm weakness is provided. The best manoeuvre is a short sharp submaximal sniff. In bilateral paralysis pre-inspiratory elevation of the diaphragm by the abdominal muscles may restore the normal caudal motion giving rise to false negatives.'t Hemidiaphragm movement may also be semiquantitatively assessed using ultrasound which has the advantage of avoiding irradiation."3 LUNG 
FUNCTION
On lung function testing the characteristic abnormality of inspiratory muscle weakness is a low vital capacity (VC) with a reduced total lung capacity (TLC) and preserved residual volume (RV). Carbon monoxide transfer is reduced, but is normal or raised when adjusted for volume, and this serves to distinguish respiratory muscle weakness from alveolar disorders such as pulmonary fibrosis. 2 Measurement ofVC is ofgreat value. An entirely normal VC makes significant respiratory muscle weakness unlikely. In subjects with diaphragm weakness the VC falls when the patient is supine, though this fall must exceed 25% to be unequivocally abnormal.'4 Thus, a normal supine VC excludes clinically relevant inspiratory muscle weakness. In longstanding weakness the VC may fall further because of reduced chest wall and lung compliance, possibly associated with microatelectasis,'5 though this in itself does not detract from the diagnostic value of the test. The VC is of value for frequent monitoring of patients at risk of rapidly progressive muscle weakness or paralysis, the best clinical example being Guillain-Barre syndrome.'6 However, measurement of VC is volitional and relies on patient motivation and ability. Use of an anaesthetic style facemask may help if disease precludes the use of a mouthpiece. Apart from depending on effort and cooperation by the patient, a major limitation of VC is that it is reduced by factors other than weakness: a low VC can therefore be non-specific and non-diagnostic.
Overnight pulse oximetry, performed as an inpatient or in the patient's home, can, if normal, provide evidence that any weakness is not sufficiently severe to cause overt ventilatory failure. Conversely, the demonstration of nocturnal hypoventilation signifies that respiratory muscle weakness is sufficiently severe to lead to ventilatory failure. Sleep studies may therefore be of value in the assessment of the load/capacity balance in such patients; substantial nocturnal desaturation does not occur until global respiratory muscle strength is reduced to below one third of normal in patients with neuromuscular disease alone, but occurs earlier if there is coexisting respiratory disease increasing ventilatory load (see below).
MOUTH PRESSURES
The most widely applied tests Magnetic stimulation Many ofthe problems associated with electrical stimulation have been largely overcome by the introduction ofmagnetic stimulation of the phrenic nerves. By discharging a magnetic coil it is possible to create a pulsed magnetic field which causes current to flow in nervous tissue within the field which in turn causes muscle to contract.505' Supramaximal bilateral phrenic nerve stimulation may be achieved using a circular coil placed over the cervical phrenic nerve roots." The magnetically elicited PDI is slightly greater than the electrical, the difference being due to a larger POES.53 This is thought to be due to activation of the accessory muscles because of spread of the magnetic field.5253 In clinical practice the small difference in PDI with the magnetic technique is seldom important, except that it can give rise to a falsely short phrenic nerve conduction time. Magnetic stimulation, unlike electrical, is painless and it is usually possible to achieve reproducible stimulation without the problem of twitch potentiation. Magnetic stimulation has a higher and better defined lower limit of normal than electrical stimulation, and better correlation with sniff PDI which, in turn, increases its diagnostic sensitivity in patients with moderate diaphragm weakness54 and allows sequential studies in patients. 
